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ABSTRACT 

This work studies the environments and star formation relationships of local luminous 
infrared galaxies (LIRG) in comparison to other types of local and distant {z ^ 1) 
galaxies. The infrared (IR) galaxies are drawn from the IRAS sample. The density of 
the environment is quantified using 6dF and Point Source Catalogue redshift survey 
(PSCz) galaxies in a cylinder of 2ft,~^ Mpc radius and 10/i~^ Mpc length. Our most 
important result shows the existence of a dramatic density difference between local 
LIRGs and local non-LIRG IR galaxies. LIRGs live in denser environments than non- 
LIRG IR galaxies implying that Lm = lO^^/i^^i© marks an important transition 
point among IR-selected local galaxies. We also find that there is a strong correlation 
between the densities around LIRGs and their Liji luminosity, while the IR-activity 
of non-LIRG IR galaxies does not show any dependence on environment. This trend 
is independent of mass-bin selection. The SF-dcnsity trend in local LIRGs is similar 
to that found in some studies of blue cloud galaxies at z ^ 1 which show a correlation 
between star formation and local density (the reversal of the relation seen for local 
galaxies). This, together with the rapid decline of the number count of LIRGs since 
z ^ 1, could mean that local LIRGs are survivors of whatever process transformed 
blue cloud galaxies at z ~ 1 to the present day or local LIRGs came into existence by 
similar process than high redshift LIRGs but at later stage. 
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INTRODUCTION merger rate has been constant since z ~ 1 and merging has 

little or no effect on the declining SFR (|Bundv et al.ll2004l : 
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with environment richness in th e high redshift Universe 
llElbaz et alj l2007l : I Cooper et all l2008l : IXran et all I2OI0I : 
iLi et alj I2OIII ) in contrast to the case in the low red - 
shift Universe (|G6mez et al.ll2003l : [Kauffmann et al.ll2004 ). 
though other studies have also found tha t the SFR-density 
correlations d i sappear at high-z (e.g . iFinn et al. 



Cucciati et al] I2OO6I: iPatel et all l2009l : iTasca et al. 



Feruglio et al.fl201(]| '). The explanation of lElbaz et aiT (|2007 ) 
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for the reversal of SFR-density relation they found is the 
process of large scale structure formation at the time, while 
the majority of SF in the present day Universe is not driven 
by the process of cluster formation. Many authors on the 
other hand argue that these differences between the high and 
low redshift SFR-environment trends are the influence of 
mass down-sizing, and m ass-dependen t selec ti on effects op- 
eratin g together; see e.g. ISobral et al.l (|2010l ) ; ICooper et al.l 
(|201(j ): [Peng et al] (|201(j ) and references therein, for recent 
discussions. At high redshift, due to higher luminosity detec- 
tion limits, surveys are biased toward probing a higher mass 
regime. On the other hand, at low redshift one can easily 
probe a wider mass range. When we add the effect of mass 
down-sizing to this, the contradicting results may not be 
surprising. As a result, a better detection limit, especially 
at high redshift, is required in order to better understand 
these processes. 

LIRGs, being the major contrib utors to the SF b udget 
and being high in number at z ~ 1 (|Elbaz et al.ll200^ ). un- 
doubtedly play a prominent role in any reversal of the star 
formation-density relation at high redshift. Understanding 
the drop of global SFR is not only a matter of understand- 
ing SF in the high redshift Universe but also a matter of 
understanding SF in the local Universe and knowing the 
exact reason and implication of the rarity of local LIRGs. 
Understanding the origin of the space density differences 
between local and high redshift LIRGs and even their for- 
mation mechanisms at the two redshifts could also give im- 
portant insight to the origin of the drop of SF in the present 
Universe. Unfortunately the environments of either local or 
distant LIRGs have not been well explored. 

At the high and intermediate redshift Universe, differ- 
ent studie s claim different r esults regarding the environment 
of LIRGs. iMarcillac et al.l (|2008l ) carried out one of the few 
extensive studies of the local environments of intermediate- 
redshift (0.7 < z < 1) LIRGs and ULIRGs (ultra lumi- 
nous IR galaxies, having even greater infrared luminosities of 
{LiR > fO^^/i"^!/©)). They found that at z ~ I, there IS no 
correlation between LIRG environment and their IR activity 
and implied that once LIRGs are formed their environment 
does not play a significant ro l e in a ffecting their star forma- 
tion properties. ICaputi et all (|2009h in turn found that their 
sample of LIRGs at redshifts 0.6 < z < 0.8 lived in overdense 
and more passive environments, while ULIRGs were at un- 
derdense and more active env ironments, c ompa red to other 
galaxies with similar masses. iFinn et "all (|20IO| ) meanwhile 
found that the fraction of LIRGs is higher in fields than in 
clusters, at a redshift range of 0.4 < z < 0.8. 

Neit her is the environmen t of local (U)LIRGs well es- 
tablished. l^cconreraD (I2OO2I ') showed that local LIRGs and 
ULIRGs are not found in clusters. Correlating a small sam- 
ple of LIRGs and ULIRGs with NED galaxy clusters and 
groups, they found that LIRGs and ULIRGs are found only 
in the fields or in small groups of galaxies (less than ten 



members), which is a similar environment as disky ellipti- 
cal galaxies. This could imply evolutionary connections be- 
tween disky ellipticals and LIRGs/ULIRGs. Another inde- 
pendent study with detailed quantitative analysis supported 
the idea that m ost ULIRGs live in environments similar 
to field galaxies (jZauderer et al.ll2007l ). However, the same 
study found some LIRGs and ULIRGs in clusters of Abell 
richness and 1. iKoulouridis et all (|2006h found that the 
brightest IR galaxies have a higher fraction of neighbors 
within f Mpc than a control sample while iHwang et al.l 
(|2OI0h in contrast, found that the Lm values of local IR 
galaxies have no correlation with their environment. 

Generally speaking, the star formation rate of galax- 
ies is a function of two important parameters: environ- 
ment and gas fraction. For example, SFR (or Lm out- 
put) increases when one moves from isolated galaxies with 
quiescent star formation phase to galaxies with high frac- 
tion of gas and merg er dominated star formation phase 
(| Johansson et al]|2009l ). The morphology-environment rela- 
tion in local LIRGs is consistent with this simple scenario. 
Most local LIRGs tend to have a disturbed morphology and 
a high gas fraction (jSandcrs fc Mirabel,! QOGj l . A study done 
on a small sample of local LIRGs selected from the IRAS 
Bright Galaxy survey found that all of the LIRGs with 
LiR > 10^^ '' L0 show some signature of interaction while 
LIRGs with lO"'^/i-^L0 < LiR<m^^-^h-^LQ do not 
show such obvious signature (jlshidaj |2004| ). This work fur- 
ther suggests that the Ljr activity of LIRGs appears to 
track their merger history. 

In this paper, we concentrate specifically on the envi- 
ronments of strongly star-forming galaxies, rather than on 
relations in the global galaxy population. We try to find 
possible clues for the existence of any fundamental differ- 
ences between LIRGs and non-LIRG IR galaxies (IR galaxies 
with LiR < 10^^ Lq) in the local Universe. Our results 
confirm that there is indeed a dramatic density difference 
above and below Lir = 10^^ h~^LQ. We show that LIRGs 
specifically behave very differently than the general galaxy 
population as a function of environmental density, and that 
this difference is not stellar mass dependent. In addition, we 
made a comparison of the high and low redshift SFR-density 
relationships to shed light on the connection between envi- 
ronment and IR activity of LIRGs. Throughout this work, 
we used Sl„ = 0.3, = 0.7 and H = lOO/i"^ 



2 DATA SAMPLES 

2.1 The Point Source Catalogue Redshift (PSCz) 
Sample 

The Point Source Catalogue redshift survey (PSCz; 
ISaunders et al.ll2000l ) contains 18351 IRAS selected galax- 
ies complete to 5(60) = O.GJy. The catalogue serves a dual 
purpose in this work. First, it is used as an IR target galaxy 
sample, together with another IRAS catalogue (see section 
I2.2|l . around which environments are measured. Second, it 
is used as a tracer of the density field. 

For the first purpose, we cross-match the PSCz 
catalogue with the 2MASS Extended Source Catalogue 
(| Jarrett et all 120001 ) using a search radius of 60 in order 
to obtain the absolute K-band magnitude Mk, which is a 
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good tracer of stellar mass. The choice of the search radius 
was made based on tests done for different searching an- 
gles ranging from 5 to 100 . The number of galaxies for 
which there is at least one match increased at a constant 
rate starting from 5 until it reached about 60 . We thus 
adopted 60 as a reasonable search radius that can give us 
genuine matches with minimal inclusion of false matches. 
Based on the surface density of 2MASS galaxies, we esti- 
mate that there is only a ~ 1% chance of having a random 
2MASS match with this radius. At 60" , less than 5% of the 
PSCz galaxies have two matches and less than 1% have more 
than two matches; considering the low fraction of multiples, 
we merely selected the closest one and did not attempt to 
split the IRAS detection into multiple 2MASS counterparts. 
After matching the entire PSCz to the 2MASS at this radius 
and excluding the galactic plane, \b\ < 10, and sources with 

V < lOOO/i km s^^, we found 11727 PSCz galaxies having 
matches from 2MASS. PSCz-I is 80% complete, missing only 
20% of all PSCz galaxies at |&| > 10 and V < lOOO/i km s~\ 
These galaxies form part of the sample of IR-selected galax- 
ies whose environments we study and hereafter we refer to 
it as PSCz-I. We also verified that the non-matched PSCz 
galaxies follow very similar Lm and redshift distributions 
as the matched 80% of the PSCz galaxies, and hence the 
exclusion is very unlikely to give rise to any biases in the 
final results. Out of the total number of PSCz-I, 2956 galax- 
ies have LiR > 10^^ Lq while the remaining 8771 have 
Lia < IO^'/i^^Lq. 

Secondly, we use the entire PSCz catalogue, af- 
ter removing the galactic plane and galaxies with 

V < 1000 km s"^ but without matching to 2MASS, as 
a tracer of the density field in order to quantify the local 
environment around target galaxies. The final number of 
galaxies in this case is 14639 and we call this sample as 
PSCz-II. 



2.2 The Imperial IRAS-Faint Source Catalogue 
(FSC) redshift Sample (IIFSCz) 

The IIFSCz catalogue (jWang fc Rowan- RobinsonI [ioogl l is 
constru cted based on the IRAS Faint Source Catalogue 
(FSC) (|Moshir et al.ll 19921 ) and has 60,303 galaxies selected 
based on their 60/im IRAS flux and covers 61% of the entire 
sky. Almost 55% of these galaxies have spectroscopic red- 
shifts found by cross-matching IRAS-FSC w ith various pre- 
vious redshif t surveys such as IRAS PS Cz ([Saunders et al.l 
l200d ). FSSz jOliver et al.lll996l l and 6dF (| Jones et al.ll2009t ). 
Approximately 20% have photometric redshifts estimated 
either by template-fitting or an empirical training method, 
but we considered only galaxies with spectroscopic redshifts 
in this work. At 5'(60) > 0.36Jj/, the catalogue is 90% com- 
plete in redshift. 

Since PSCz-I (section l2.1|) and IIFSCz samples are both 
originally from IRAS, we think it is natural to merge them 
together. Before the two samples are merged, 5853 dupli- 
cates between PSCz-I and IIFSCz are identified and re- 
moved from IIFSCz by cross-matching them with a search 
radius of < 20 , which is a reasonable radius base d on 
IRAS positional uncertainties (|Neugebauer et aLlll984l '). Re- 
moving again the galactic disc < 10), sources with 
V < 1000ft km s~^, and including only sources with a 
K-band detection and a spectroscopic redshift, the IIFSCz 



sample is reduced to 16207 galaxies. We refer to this final 
IIFSCz catalogue as IIFSCz-I. In this subset, 5137 galax- 
ies have Lin > 10^^h~^LQ while the remaining 11069 
have LiR < IO^/i-^Lq. Finally PSCz-I and IIFSCz-I are 
merged and hereafter referred as IRAS-I sample. However, 
due to incompleteness issues in IIFSCz-I, the merged sam- 
ple (IRAS-I) is not used as a density tracer but only as 
an IR target galaxy sample around which the environ- 
ment is studied. This merged catalogue has 27934 galaxies 
with a redshift range 0.003 < z < 0.14 and a mean red- 
shift of 0.029. For further details on redshift distributions 
and flux limits of the samp les, r eaders are advised to con- 
sult Saunders et al.l (|2000l ) and IWang fc Rowan-RobinsonI 
(|2009i r though for reference we note that the flux complete- 
ness limit of 0.36 Jy quoted above corresponds to approxi- 
mately LiR = 7 ■ W^Lq, 7 ■ 10^° Lq, and 9 • lO^^L© at red- 
shifts 2 = 0.01, 0.03 and 0.10, respectively. The correspond- 
ing SFR limits calculated using the method below, are 1.3, 



12, and 150 M, 



yr 



for the three redshifts respectively. 



2.2.1 Calculating Lir and correcting for Fir 



The far-infrared flux Fir = F( 



{8-lOOO/jm) 



of both PSCz-I 



and IIFSC-I are estimated based on the 12 fim, 25 /im, 
60 and 100 nm flu xes using Equation [1] below by 
ISanders fc Mirabe]|[l99^ '). 

Fir = 1.8xlO-'*{13.48/i2+5.16/25+2.58/6o+/ioo}[l^m-2] 

(1) 

where /12, /25, feo and /loo are the 12 pm, 25 fj.m, 60 /im 
and 100 fim fluxes respectively. We compared the fluxes of 
galaxies belonging to the original PSCz and IIFSCz (du- 
plicates) and checked if the Fir values are the same. We 
found that IIFSCz is underestimated by approximately 30% 
at the lower flux end {Fir = IQ-^^-^ to lO'^^-^lWrn-^]). By 
comparing the two fluxes we made corrections to the entire 
IIFSCz fluxes using interpolation. However, the correction 
above {Fir = lO"^^ '^ [VKm-^]) is negligible. 

Finally, the far infrared luminosity, Lir, for both PSCz- 
I and IIFSCz-I is worked out from Lir = 47vD1Fir[Lq] 
where Dl is the luminosity distance. We checked our re - 
sults against other ca librations such as iRieke et al. I (|2009t ): 
iBavouzet et al.l (|2008l ) to determine Lir based on 24 fim 
fluxes interpolated from the IRAS measurements. The com- 
parison shows both the systematics and scatter are within 
~ 0.25 dex in the value of the derived Lir and do not affect 
any of our conclusions. 



2.3 6dF Galaxy Survey 

The 6dF Galaxy survey (|jones et al.l |2009| ) is a southern 
hemisphere near-infrared-selected galaxy redshift survey of 
150000 galaxies. Its initial target list came from many 
smaller surveys including 2MASS. For our purpose, we use 
it as a tracer of the galaxy density fleld. This catalogue does 
not cover the full sky region of our IR sample, and in this 
respect it is not as good as our PSCz-II catalogue for esti- 
mating environments. However, it has the advantage that it 
is a much denser sample than PSCz-II and, being K-selected, 
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it may trace environment better than PSCz-II which is IR 
selected. It has a median redshift of 0.053 and goes as deep 
as 2: ~ 0.14. 

2.4 The Sloan digital Sky Survey (SDSS) data 
release 4 (DR4) 

This work made use of the SPS S (jVork et al.l l2000h DR4 
l|Adelman-McCarthv et al.1 bOOel ) in order to compare the 
SFR-density trends in the local Universe to that of local 
LIRGs. The SFR for the sample was c alculated from the 
extinc tion-corrected Ha emission line bv iBrinchmann et al.l 
The spectroscopic and photometric data were 
matched using galaxy ID in order to identify galaxies with 
redshift. In order to avoid any possible aperture effects 
at relativ ely small redshifts, galaxies below 2 = 0.04 are 
removed (|Kewlev et al.l |2005| ) and the final redshift range 
used is 0.04 < 2 < 0.1 . 

To summarize, our IR target galaxy sample is a merged 
sample of the PSCz and the fainter IIFSCz catalogues 
(IRAS-I). To compute environments, we use both the PSCz 
(PSCz-II) and 6dF samples. In the case of the SDSS sample, 
we have used it both as a sample of target galaxies, and as 
a tracer of the density field. All samples are restricted to re- 
gions with |fe| > 10° and V > 1000 km s"^ and cover similar 
redshift ranges. 



3 ENVIRONMENT MEASURES 
3.1 Local Density 

We use the local density of galaxies as a measure of the 
environment at any given location. In doing so, we assume 
that the galaxy density field traces the mass density field 
in an approximately monotonic fashion. In other words, we 
assume that if the galaxy density is higher in region A than 
in region B, then the mass density is likely also higher in 
region A than in region B. 

Based on this assumption, we measure the local density 
around each target galaxy in a cylindrical volume with 2h^^ 
Mpc radius and 10h~^ Mpc length in the redshift direction, 
where the target galaxy is at the centre of the cylinder. A 
cylinder to quantify the d ensity of galaxies has b een em- 
ployed in several works (e.g. lKauffmann et al ] |2004h and has 
proved to be a reasonable geometry. Our choice of cylindri- 
cal geometry is motivated based on two main factors. First, 
the measurements must be done in a clearly defined geome- 
try with a fixed volume to ensure a consistent and uniform 
density estimation throughout the sample volume. Second, 
the method must be robust against redshift space distortion 
effects, which dominate errors in the density estimates. The 
radius of the cylinder is chosen in such a way that it is of 
similar size as that of the immediate density field that af- 
fects galaxy star formation. The star formation and other 
spectroscopic properties of galaxies are strongly related to 
the size of the host dark ma tter halo contained in a ~ IMpc 
radius jBlanton et ahlliood ). However, we used a 2/i^^Mpc 
radius cylinder because at the distant edge of our samples, 
the space density of galaxies is very low and a IMpc radius 
would be too small to include statistically sufficient numbers 



of galaxies. We believe that our choice of 2h~^ Mpc radius 
cylinder is both large enough to accommodate the most im- 
portant part of the surrounding density field that affects 
star formation and small enough to exclude too much un- 
necessary dilution. The length of the cylinder {10h~^ Mpc 
~ 1000 km s~^) is such that it is just greater than the typ- 
ical velocity dispersion (~ 8OO/1 km s"'^) inside clusters of 
galaxies. 

Densities are estimated from three independent flux- 
limited samples (SDSS, 6dF and PSCz-II) that each have 
their own redshift-dependent incompleteness (the galaxy 
density drops with redshift in flux- limited samples). More- 
over, these samples are subject to edge effects in their sky 
coverage. In order to compensate for these effects, for each 
of the three density flelds we construct a dense random cat- 
alog having the same redshift distribution and sky coverage 
as the real gala xy sample, but with r andom RA and Dec 
coordinates (see lBlanton et al.l (|2003l ): [Cooper et all (|2005l ) 
for detailed discussion of the method used) . To estimate the 
density around a particular galaxy G using a given galaxy 
catalogue and its corresponding random catalogue, we count 
the number of the real galaxies (Ng) and random points (AV) 
in a cylinder of 2h~^ Mpc radius and lOh^^ Mpc length cen- 
tered on galaxy G, and take the ratio of the two numbers 
{Ng/Nr). Since both the random points and the real galax- 
ies have the same sky coverage and redshift distribution, Ng 
and Nr are both affected by the flux incompleteness and any 
edge effects in the same way. Therefore, taking their ratio 
removes both these effects while retaining the inherent clus- 
tering nature of the real galaxies. Finally, we normalize this 
ratio by the value corresponding to the mean galaxy den- 
sity. We measure this by counting the number of galaxies 
(ug) and random points (rir) in cylinders centered on 10000 
randomly selected points in space and taking the average of 
the 10000 values of Ug/rir. Our final density measurement 
is thus 



Estimated in this way, our density estimates are expressed in 
units of the mean density of galaxies and they are insensitive 
to both redshift and sky incompleteness in the galaxy sample 
used. 

3.2 Field/group/cluster environment 

In addition to measuring the local density around galaxies, 
we wish to classify their environments into the traditional 
field, group, or cluster categories. We identify galaxy systems 
in a volume-l i mited sub-sample of the 6dF data using the 
iBerlind et al.l l|2006t ) friends-of-friends algorithm. This algo- 
rithm was designed to group together galaxies that live in 
the same dark matter halo. We define each system's luminos- 
ity to be the sum of the luminosities of all its member galax- 
ies that appear in the volume-limited sample. We then calcu- 
late rough mass estimates for the systems assuming a mono- 
tonic relation between their luminosities and the masses of 
their underlying dark matter halos. By matching the mea- 
sured space density of 6dF systems to the theoretical space 
density of dark matter halos (given the concordance cosmo- 
logical model and a standard halo mass function), we assign 
a virial halo mass to each system. This procedure ignores 
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the scatter in mass at fixed luminosity and is only meant 
to yield approximate estimates. Once we have mass esti- 
mates for all the 6dF identified systems, we classify them as 
field, group, or cluster based on these masses as follows: field 
galaxies belong to halos with Mhaio < lQ^'^h~^ Mq, group 
galaxies belong to halos with lO^^M© < Mhaio < lO^M©, 
and clusters are halos with Mhaio > 10^* Af©. 

We compute the local density around each system us- 
ing the full flux-limited 6dF sample, as described in sec- 
tion 13.11 Figure [1] shows the resulting relationship between 
local density and halo mass and indicates the two mass scales 
that separate the field/group and group/cluster regimes. Ac- 
cording to the figure, these mass scales (lO^"^ h~ ^ Mq and 
W^"^ Mq) correspond to local densities of log(p) — 0.2 
and log(p) = 0.8. We have thus determined the 6dF densi- 
ties that correspond to the field, group, or cluster regimes 
and we will use them in subsequent results. Unfortunately, 
we cannot do the same for PSCz-II because it is too sparse 
a sample for identifying groups and clusters. 



4 STAR FORMATION RATE AND STELLAR 
MASS ESTIMATES 

The far-infrared luminosity traces the young stellar popula- 
tion of galaxies and can be used in estimating the SFR o f 
IR selected galaxies (|Kennicuttll 19981 : ICharv fc Elba j|200lf ) . 
This method works very well, especially in the case of late- 
type highly dust enshrouded star forming galaxies. 

LiR as a SF R indicator is consist ent with optical indica- 
tors such as Ha- iHwang et all (|2010l ) compared the SFR of 
IRAS selected galaxies using both Lir and Ha (by cross- 
matching IRAS with SDSS galaxies) and found that the 
results from the two SF indicators are quite similar. How- 
ever, at high LiR values, especially in the ULIRG regime , 
the possibility of A GN contamination (jVeilleux et al.|[l999l : 
iNardini et "aLll2009l ) is an issue of concern. AGN could lead 
to overestimation of the true SFR and as a result SFR from 
LiR and other indicators such as Ha might not agree. 

The galaxies used in this work are IR selected (I RAS-I) 
and we use the method described in iKennicutd (|l998l l based 
on the integrated far-infrared light I/{8-ioooMm) to estimate 
their SFR. The SFR is given as: 

SFR [Meyr-^] = L/fl/(2.2x 10^' ergs"') = L/fl/(5.8x IO'Lq) 

(3) 

The K-band light is believed to originate mainly from 
old stellar populations and hence it is a good tracer of 
the stellar ma s s of galaxies. In this work, we use the 
iBell fc de Jond (|200ll ) relation between K-band absolute 
magnitude and M/L ratio, which is based on a range of 
spiral galaxy evolution models, to derive stellar mass. It is 
worth emphasising that the AI/L ratio is not constant but 
varies with the Mk value of the individual galaxies. We then 
estimate the value of M/L based on the K-band absolute 
magnitude of each galaxy, and convert the M/L ratio into 
stellar mass using Mk,q ~ 3.33. 

At the high K-band absolute magnitude end, the rela- 
tion gives log(-^) value of approximately -0.2 but most of the 
galaxies in this regime are highly star formi ng galaxies with 
gas fr actions of about 60%. According to iBell fc de Jon j 
l|200ll ). a gas fraction of 60% corresponds to a smaller value 
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Figure 1. The relationship between local density and halo mass 
for galaxy systems (groups and clusters) identified using a 6dF 
volume-limited sample of galaxies. The local density around 
each system is measured in cylinders of 2h^^Mpc radius and 
10/i~^Mpc length. The error bars represent the uncertainties in 
the mean estimated from the standard deviation of the density 
values in each bin and are Aa in their magnitude. The mass of each 
system is estimated from the abundance of systems with similar 
total luminosity. Points show the mean local density in bins of 
mass. The vertical dashed lines mark the transitions between the 
field, group, and cluster regimes, which wc place at halo masses 
of W^^h-^MQ and W^^H-'^Mq. 



of M/L. Therefore, using log(-^) = — 0.2 results in a possi- 
ble overestimation of the mass for the highest star forming 
galaxies. 

In addition, extinction and contamination from emis- 
sion lines (e.g., Paa and Br-y) near the K-band could also 
bias the mass estimation. Typical a verage K-band extinc - 
tion in LIRGs is up to Ak ~ 0.3 (|Vaisanen et al.ll200i '). 
which means that there is a possibility of underestimat- 
ing the stellar mass by a factor of about 30%. The effect 
from emission lines can b e very strong especially with very 
young stellar populations (|Zackrisson et al1l2008l l and leads 
to over-estimation, but it beco mes weaker for averaged stel- 
lar populations of various age (|Rhoadslll998l ). As a result, 
the mass bias from the emission lines and extinction is min- 
imal in most cases and could work in either direction. We 
would like to remind the reader that henceforth when stellar 
masses related to our sample are discussed, they are derived 
using the absolute K-band luminosities. 



5 RESULTS 

The mean local densities around IRAS-I galaxies are esti- 
mated from two separate redshift samples: 6dF and PSCz-II 
and the 6dF density estimates are finally classified into: field, 
group or cluster. The mean local density, SFR and stellar 
mass estimation are made based on the techniques described 
above in Sections [3] and [l] The relationships of these physi- 
cal quantities with SF are explored with the main intention 
of understanding the connection between SFR and environ- 
ments of local LIRGs and non-LIRG IR galaxies. 
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Figure 2. Top panels: The relationship between L/fl and the mean local densities for IRAS galaxies. The mean local densities are 
estimated using 6dF and PSCz galaxies in panels (a) and (c), respectively. The data points show the mean density (as given by Eq. [2J 
in log(L/fl) bins of width 0.3. The horizontal dashed lines mark the transition from field to group and from group to cluster. Bottom 
panels: The relationship between SFR and the mean local densities for IRAS galaxies. The mean local densities are estimated using 6dF 
and PSCz galaxies in panels (b) and (d), respectively. The data points show the mean SFR in logarithmic density bins of width 0.5. 
Results are shown separately for LIRGs & ULIRGs (Ljr > 10^^ Lq; circles) and non- LIRGs [LiR < lO^fe-^L©; triangles). The 
error bars in the upper and lower panels are 6(t and lOcr respectively and represent the uncertainty in the mean calculated from the 
standard deviation of values in each bin. 



We explore how local density and the Lir of local 
LIRGs and non-LIRG IR galaxies compare. Panels (a) and 
(c) in Figure [5] show the relationship between density and 
Lir for IRAS-I galaxies with the local density measured us- 
ing 6dF and PSCz-II galaxies, respectively. In both cases we 
note that there is a clear difference in the environments of 
LIRGs and non-LIRG IR galaxies. LIRGs live in an envi- 
ronment which is up to 100 times (panel (a)) and 300 times 
(panel (c)) as dense as the environment of non-LIRG IR 
galaxies, while non-LIRG IR galaxies live in an environment 
which corresponds to the mean density (recall that density 
measurements are made in units of the mean density and 
within 2Mpc radius). 

In panel (a) of Figure [S] where the density measure- 
ments are made from the 6dF sample, we note that the non- 
LIRG IR galaxies live in an environment between field and 
group, and the LIRGs mostly live in group environments. 
The highest L/jj-LIRGs and the ULIRGs live in cluster envi- 
ronments. The transition from field to group environment is 
dramatic at Lir ~ IO^^Lq, implying a fundamental connec- 



tion between environment and this luminosity scale. How- 
ever, the transition between the environments of LIRGs and 
ULIRGs is smooth. 

Moreover, above Lir > 10^^h~^LQ in panel (a) and 
slightly earlier in panel (c), the density of the LIRG envi- 
ronment increases monotonically with Lir. Analytical ex- 
pressions for the relation between Lir and local density (p) 
when using 6dF and PSCz-II galaxies as a density field are 
given as; 

\og{p) = lA log{LiR/h^LQ) - 15.5 (4) 
and 

log(p) = 1.47 logiLiR/h^'Le) - 15.2, (5) 

respectively. As it is seen in the equations, using PSCz-II 
galaxies as a density field produces a slightly steeper relation 
between Lir and p than using 6dF galaxies. 

To see the difference between LIRGs and non-LIRG IR 
galaxies more clearly, we study the relation between SFR 
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Figure 3. Top panel: SFR vs. Mk for both LIRGs (blue crosses) 
and non-LIRG IR galaxies (black triangles). In the upper hori- 
zontal axis of the top panel, stellar mass corresponding to the 
observed Mk values in the lower horizontal axis is presented. 
SFR correlates with Mk (stellar mass); however, the correlation 
shows wide scatter especially at the brighter A4k end. The scat- 
ter seems to be the result of mixing of two different populations 
of galaxies (possibly red sequence and blue cloud) having two 
different relations between SFR and stellar mass. The red diag- 
onal line demonstrates the existence of a physical limit in SFR 
at a given Mk- Bottom panel: The sSFR (specific SFR) of both 
LIRGs (blue crosses) and non-LIRG IR (black triangles) galaxies 
declines slowly with Mk- Moreover, at fixed Mk, LIRGs have a 
higher sSFR than non-LIRG IR galaxies. The error bars in the 
lower panel are 3cr in magnitude and are the uncertainties in the 
mean value in a given bin calculated from the standard deviation 
of the specific star formation values. 



and local density for each in the bottom two panels of Fig- 
ure (2] Panels (b) and (d) represent the splitting of panels 
(a) and (c) into LIRGs and non-LIRGs IR galaxies and con- 
verting the corresponding Lir values into SFR following 
the procedure mentioned in section [l] The LIRGs, accord- 
ing to these plots, exhibit a SFR that increases with density, 
which is the reverse of what is observed in the local Universe 
for normal galaxies an d similar to the SF R-de nsity relation- 
ship a t 2: ~ 1 found bv lElbaz et al.l (|2007h and lCooper et ahl 
(|2008l ). This trend holds regardless of whether local density 
is measured using 6dF or PSCz-II galaxies. 

The upper panel of Figure [3] shows the correlation be- 
tween Mk and SFR for both LIRGs (blue points) and non- 
LIRG IR galaxies (black points). This suggests a correlation 
between SFR and stellar mass on average, but that there is 



wide scatter especially at the high mass end, possibly caused 
by two populations of galaxies both with high stellar mass 
but widely different SFRs. Though we have not confirmed 
this with SDSS colours, these two high stellar mass popula- 
tions could represent active "blue" and dead "red" galaxies. 
In the lower panel, we present the relation between specific 
star formation rate (sSFR) and Mk for both LIRGs and 
non-LIRG IR galaxies, strongly suggesting that the sSFR of 
both populations decline slowly with stellar mass. In addi- 
tion, it is clear from the lower panel that an IRAS-selected 
galaxy is not a LIRG only because it is a more massive 
galaxy, but due to other physical reasons, whether internal 
(e.g. gas fraction) or external (e.g. interactions, environmen- 
tal densities). Of these possibilities the effect of large scale 
environment is studied in this paper. Figure O shows that 
though LIRGs are all massive galaxies, not all massive IRAS 
galaxies are LIRGs. Also, the upper envelope (the diagonal 
line in the figure) characterises a physical limit to SF for a 
given stellar mass (Kennicutt 1998). 

In Figure. [2] we showed that there is a connection be- 
tween Lir (SFR) and the local density around LIRGs, while 
Figure 13] showed that there is also a correlation between SFR 
and Mk for LIRGs. Since it is gen erally true that environ - 
ment correlates with stellar mass (iKauffmann et al]|2004l ). 
we now investigate whether the SFR-environment relation 
for the IR-selected galaxies is a product of the SFR-stellar 
mass or stellar mass-environment relations, or both. Fig- 
ure 2] shows the joint dependence of local density on both 
stellar mass (Mk) and SFR (Lir). As before, the two panels 
show the cases of densities measured using 6dF and PSCz-II 
galaxies. 

Above Lir ^ 10^^ Lq, the density contours show a 
clear trend in both panels: they are almost perfectly verti- 
cal, with each contour corresponding to a specific value of 
SFR. This means that SFR depends strongly on local den- 
sity at fixed absolute K-band luminosity (i.e. stellar mass 
by derivation), but does not depend at all on stellar mass 
at fixed density. It is thus not the case that the correlation 
between environment and SFR is secondary and caused by a 
joint dependence on Mk, or stellar mass. Rather, it appears 
to be stellar mass which does not directly correlate with 
environment. Note that by collapsing any Mk bin between 
approximately -23 and -26 mag into their own density vs. 
Lir plots, each would show the same trend and bend as the 
relation for the whole sample does in panels (a) and (b) of 
Figure [5] This is a surprising result and quite different from 
what is seen with optically and near-IR selected galaxies. 

The black diagonal lines in both panels of Figure[4]high- 
light that there is a maximum SFR (or Lir) that can be 
supported in galaxies with a given stellar mass (Mk), or 
conversely, a minimum stellar mass that galaxies must have 
in order to be IR galaxies (specifically LIRGs). This is es- 
sentially the same limit indicated by the diagonal line in 
Figure [S] We have derived analytical expressions that rep- 
resent the trend best. The expressions for panel (a) and (b) 
in Figur. [31 respectively, are given as: 

Mk = -2.45 log{LiR/h'LQ) - 4.4 (6) 
and 

Mk = -1.7 log(L/fl//i"LQ) - 4.75 (7) 
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Figure 4. Local density as a function of both stellar mass (Mk) and SFR (L/ij). Local density is measured using 6dF galaxies (panel 
(a)) and PSCz-II (panel (b)). Both panels show contours of constant density, with the values of logp color-coded to the right of each 
panel. The vertical dashed lines in panel (a) denote the approximate transition between field, group, and cluster environments. In both 
panels, density contours reflect the mean density in square bins of width 0.25 in both Mjf and log{Ljfi). At constant stellar mass, the 
SFR of local LIRGs is correlated with their local density. On the other hand, at constant SFR their stellar mass does not show any 
correlation with local environment. The solid diagonal lines in both panels highlight that there is a maximum SFR that grows with 
stellar mass. 



6 DISCUSSION 

6.1 Validity of the result 

6.1.1 PSCz and 6dF as a density fields 

Since different galaxy types cluster differently, they do not 
trace the unde rlying mass distribut ion of the Universe in 
the same way (jLahav fc Sutoll2004h . We have used PSCz 
and 6dF galaxies to quantify the local density of LIRG 
and non-LIRG IR galaxies. It has been shown that PSCz 

i lRAS) galaxies an d mass are not very strongly correlated 
Tavlor et al]|200ll ). On the other hand, 6dF galaxies be- 
ing near-infrared selected, are likely more strongly biased. 
It is thus very important to be careful when considering the 
results found using PSCz-II samples as a density field. 

Nevertheless, despite the difference between 6dF and 
PSCz samples as overdensity tracers, there appears to be no 
serious discrepancy between the results found using the two 
density fields in this work. The upturn point in the Lir- 
density relationship occurs at slightly above 10^^ L© when 
6dF galaxies are used as an overdensity tracer, but when 
PSCz galaxies are used, it occurs slightly below 10^^ Lq. In 
the contour plots, when PSCz is used as overdensity tracer 
we see a strong well-defined pattern but 6dF produces a 
slightly weaker pattern. Overall, given the main intention of 
this work which is to find any possible trends using both 
PSCz and 6dF galaxies as a density tracer, the two samples 
produced consistent results. 



6.1.2 Testing our density estimation method 

We tested our density estimation method using a flux- 
limited SDSS sample to check if the method reproduces 
the expected trend. Following the procedure outlined in sec- 



tion [3TT] we estimated the density around SDSS galaxies in 
cylinders of 2/i~^Mpc radius and 10/i~^Mpc length using 
SDSS galaxies themselves as the density field. The density 
measurements in this case are thus in units of the mean den- 
sity of the SDSS galaxies. The estimated density versus SFR 
relation is shown in Figure [S] and according to this result, 
the SFR decreases monotonically with density. This result 
is in agreement with other results done on SDSS galaxies 
and it is also in agree ment with what is normally expected 
in th e local Universe (|G6mez et al.|[200^ : iKauffmann et al] 
|2004 ). 

We also tested whether the size of the cylinder used 
for the density estimation has an effect on the results. In 
order to check this, the Lj_R-density relationship in panel 
(a) of Figure [2] was reproduced using cylindrical geometries 
of different radii: 1, 2.5, 3 and 4 Mpc. All the cases show the 
same trend, though the 1 Mpc radius result seems to suffer 
from lower statistics especially at higher Lm, and the 3 and 
4 Mpc radii results show a somewhat weaker trend, perhaps 
because of dilution effects. 

Our density calculation so far is based on the local num- 
ber count (over-density) of galaxies and does not take stellar 
mass effects into account. It is therefore important to check 
whether the result found above is sensitive to stellar mass 
weighted density measure. We estimated the over-density 
of IRAS-I galaxies using the 6dF sample following the same 
procedure presented in Section[3l but this time weighting the 
contribution of individual galaxies to the density estimate by 
their Mk value, i.e. essentially their mass. The stellar masses 
of the random point galaxies used to normalise the densities 
and deal with the incompleteness were randomly selected 
from identical redshift and magnitude distributions as the 
real galaxies. The trend found between Lm and density, as 
presented in Figure[2l remains the same with the same break 
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Figure 5. Local density as a function of SFR for SDSS galax- 
ies. The curve shows the mean local density in log(SFR) bins of 
width 0.2 and error bars show the uncertainty in the mean. Wc 
use SDSS galaxies themselves to estimate local density in units 
of the mean density of SDSS galaxies. The relation reflects the 
normal average SFR-environment relationship found in the local 
Universe. The SFR is in units of MQyr~^. The error bars repre- 
sent the uncertainty in the mean as calculated from the standard 
deviation from the density values in each bin. 



point, and hence our results do not change when weighing 
the density with absolute K-band magnitude. 



6.2 The Relevance of Lir = 10"io 

We have shown that local LIRGs live in a denser environ- 
ment than non-LIRG IR galaxies. According to the up- 
per two panels of Figure [2l the far-IR luminosity, Lir = 
Lq, is not only a matter of numerical convenience 
to distinguish between the two populations of IR galaxies. 
This luminosity also marks a clear transition in the envi- 
ronments of IR selected galaxies. This possibly implies that 
LIRGs are a different galaxy population than other IR galax- 
ies with Lir < 10^^ h^^ Lq and the difference is at least 
partly environmentally triggered. 

Several previous works observed a morphological differ- 
ence between moderate and high IR-emitting galaxies. How- 
ever, they were unable to determine where the exact bound- 
ary is. Almost all E's and SOs exhibit insignificant amoun t 
of IR activity with Lir < lO^L© jde Jong et all Il984h 
wher e as spirals pr o duce Lir > IO^Lq ( Rieke fc Lebofskvl 



1 19861 ). ISoifer et all (| 19841 ') found that up to 25% of LIRGs 
are peculiar or interacting while IRAS galaxies with Lir > 
3 X lO^^Ijp) are entirely clas sified as i nteracting or merg- 
ing (ISanders fc Mirab"e!l 19961 '). Similarly. fMelnick fc Mirabell 



(|l990l) showed that the fraction of interacting systems in- 
creases from nearly 10% to 100% for Lir value increase from 
-[^q10.5_-^q11 ^q12 above. Putting together sequentially 
the Lir values of these galaxies with their corresponding 
morphology, there is indeed indication of a tie between their 
IR activity and degree of interaction. 

If the level of morphological asymmetry/interaction 
of galaxies reflect s the environment they live in (see e.g. 
[eu ison et al]|2010l l. then the morphological transition lumi- 
nosity Lir = 10^^ L0 should also mark a transition in the 
environments of IR-selected galaxies. Our results confirm 



that there is indeed a dramatic density difference above and 
below Lir = 10"Lq. 

From this result, it is clear that there is a certain en- 
vironmental threshold above which galaxies are expected to 
experience the extreme SFR seen in LIRGs, though it may 
depend on other physical characteristics as well (for exam- 
ple, gas fract i on and /or the mode of star- formation, see e.g. 
ICaputi et all (|2009l )). Why exactly Lir = IO^Lq? This 
question is beyond the scope of this work, and needs de- 
tailed studies of the physical characteristics of populations 
of galaxies above and below the Lir = 10^^ Lq luminosity 
limit and the local mass distribution around them. 



6.3 Correlation between SFR and environments 
of local LIRGs 

Several photometric studies of the morphology of local 
LIRGs agree that local LIRGs have a highly disturbed mor- 
pholo gy, which is a signature of i nteractions they have under- 
gone (|Sanders fc Mirabell [l99l ). However, it was not clear 
in what fashion the environments and the IR activity of lo- 
cal LIRGs are related. We found that their environment is 
not only denser than that of non-LIRG IR galaxies, but we 
also found that Lir (SFR) of LIRGs is a monotonically in- 
creasing function of the richness of their local environment 
(Fig.©. 

An independent work by iMelnick fc Mirabell (|199G| ) 
found that the morphology (interaction stage) of (U)LIRG 
systems is a monotonic function of Lir. Since merger or in- 
teraction probability is a function of environmental richness 
(though not in a simple monotonic way), the morphology-IR 
activity witnessed in (U)LIRGs is the direct reflection of the 
IR-environment correlation shown in this work. Therefore, 
the IR activity of LIRGs is at least partly interaction driven 
and also their Lir (or SFR) can be considered as a tracer 
of their interaction stage. The s ame trend has bee n wit- 
nessed among z ^ 1 LIRG groups. lElbaz et all (|2007l ) found 
in the GOODS field that the intrinsic luminosity of LIRGs 
increases with the local galaxy density, so that the most lu- 
minous ones live in the center of a cluster that is in the 
process of formation and whe re interaction s are s trongest. 

Contrary to our finding, iHwang et al.l (|2010l ) using IR 
galaxies with Lir > 10^° Lq found that SFR is not corre- 
lated with environment and concluded that the SFR-density 
relationship of these galaxies are similar with local galaxies. 
However, the results need not necessarily be in contradic- 
tion, since the presence of galaxies with Lir < lO^^L© in the 
Lir vs. density plot in iHwang et al.l (|201G| ') would weaken 
the relationship we have observed specifically for LIRGs at 
Lir > 10^^ Lq in Figure [2| Also, the density measurement 
they have used is quite different with the one we have used. 



6.4 Correlations between stellar mass, SFR, and 
environment 

According to Figure |3J LIRGs exhibit a correlation between 
their Lir (measure of SFR) and environment at constant 
Mk (measure of stellar mass) but they do not show any 
clear correlation between Mk and density at constant Lir. 
No matter what the K-band absolute magnitude (or stellar 
mass) is, local LIRGs in similar density environment tend to 
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Figure 6. The density distribution of 6dF and IRAS galaxies 
estimated with 2 Mpc radius and 10 Mpc length cylinder from 
6dF density field. Both samples have Mk values in between -24.5 
and -25.8 mag. The histogram of the IRAS sample is scaled six 
times for an easier comparison. 



have the same SFR, as defined by their IR luminosity. The 
implication is that the SF property of local LIRGs is con- 
trolled by their environment regardless of their stellar mass. 
This is exactly the opposite to what is observed with the 
global galaxy population in the local Universe, where it has 
been shown that it is rather the stellar mass which is driving 
the apparent SFR vs. density r e lation s, seen e.g. in a sim- 
ilar contour plot in IPeng et al.l (|201(]| ) (their Fig. 2). Such 
differing results compared to the general galaxy population 
should not necessarily be surprising since our sample is se- 
lected purely on their IR-properties, i.e. their SF properties. 
Nevertheless, it is interesting to examine further where the 
differences might come from. Is there, for example, some im- 
plicit mass-selection effect working which would explain the 
results? 

We compared the density distribution of IRAS-I sample 
galaxies with those from the 6dF in identical mass ranges. 
As a K-selected sample, the 6dF galaxies are assumed to 
be representative of the general galaxy population. In both 
cases the densities are estimated from 6dF sample. As an 
example. Figure |6] presents the distribution of the densities 
around 6dF galaxies and IRAS galaxies calculated exactly 
the same way as the previous density measurements in the 
same cylinder sizes, but now for a restricted Mr- range of - 
24.5 to -25.8 mag for both samples. The distributions largely 
overlap. 

Firstly, the direction of the relatively small density dif- 
ference between the distributions seen in Figure [6] is un- 
derstandable considering the parent populations. The IRAS 
sample consists of preferentially star-forming galaxies, which 
are known to live, in general, in lower densities than an av- 
erage K-selected population. That the very highest densities 
are missing in the IRAS sample must mean that extremely 
high SFRs are not found in the local universe cluster cores. 

More interesting, however, is the overall similarity of 
the IRAS and 6dF density distributions and what it means. 
At this fixed mass bin the general galaxy population con- 



sists mostly of passive red sequence galaxies rega rdless of 
their environmental density (|Kauffmann et al]|2004l l. On the 
other hand, the IRAS galaxies in this mass and density range 
are typically strong LIRGs with SFR ~ 100 MQyr~^ (see 
Figs. [2] and [4|. Hence, the wildly different SF characteristics 
of these two samples, presumably due to very different gas 
contents, is not strongly related to either stellar mass or en- 
vironment. Meanwhile, however, we had already shown that 
the SF characteristics of the IR-selected galaxies are driven 
by environment and not by stellar mass (Fig.|4| and that the 
SF increases with density (Fig. [2]). This result is clearly in 
contrast to K-selected galaxies in ge neral, whose SF prop- 
erties are driven by stellar mass (e.g. lPeng eral]|20ld ). and 
whose SF declines with density (e.g. Fig. [5|. LIRGs behave 
differently to normal K-selected galaxies as a function of en- 
vironment, and this contrasting behavior is not dependent 
on some hidden stellar mass-bin or environmental selection, 
as shown by Figure [6l 



6.5 The reversal of SFR-density trend in the local 
Universe and the possible origin of local 
LIRGs 

The SFR-density relationship found for SDSS galaxies (z ~ 
galaxies) in Figure [5] is consistent with results found 
for SDSS galaxies by other works and it is also the re- 
verse of what is obs e rved for blue clou d galaxies at 2 ~ 1 
(jCooper et al.l l2008l : lElbaz et al.l [20o3). At z ~ 1, SFR 
decreases with environment for red sequence galaxies and 
then increase s for b lue sequence galaxies (V-shaped trend, 
ICooper et all(|2008l l: note, however, uncer tainties in this re- 
sult with different mass bin selections (e.g. lPatel et al.ll2009l : 
ISobral et ai]|2010l l). The highest SF (bright massive blue 
galaxies) and lowest SF (massive red sequence galaxies) are 
both found in denser environments than the intermediate 
SF galaxies. 

It is believed that the highest SF population has pos- 
sibly evolved into the red-sequence galaxies at jz ~ and 
resulted in the major difference of SFR-density relationship 
at the two redshifts, the absence of a population of galaxies 
whose SFR increases with density. 

The SFR-density trend we observed for local LIRGs is 
similar to the relationship observed for 2: ~ 1 blue galaxies: 
SFR increases with local density (see Fig. [Sjl. Combining 
the decreasing SFR-density relation found for SDSS galax- 
ies (see Fig. [5]) and the increasing result for local LIRGs 
(see Fig. [2]), we construct a complete picture of SFR-density 
relationship at the local Universe. 

This tre nd is identical with what is observed at z --^ 1 
according to ICooper et al.l (|2008h : the SFR first decreases 
and then increases with local density. The only and crucial 
difference between the two SFR-density relationships is that 
at the highest SF end of the relationship there are much 
fewer galaxies locally than at z 1. 

The similarity of the SFR-density trend between LIRGs 
and blue cloud galaxies at 2; ~ 1 implies a possible similar- 
ity of their formation process. This together with the sharp 
drop of the number density of LIRGs since z ~ 1 could mean 
either that local LIRGs might be survivors of whatever pro- 
cess transformed the blue population of galaxies at z ~ 1 
to the present, or they are formed with the same physical 
process as 2 ~ 1 blue galaxies but only at later time. 
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The positive correlation of SFR and density for LIRGs 
raises questions regarding the mechanism of intense bursts 
of star formation in the local Universe. It is commonly ac- 
cepted that galaxy-galaxy interactions cause starbursts, but 
not larger scale environments studied in this work. Normally, 
as density increases, the possibility of finding processes such 
as ram-pressure stripping, galaxy harassment and strangu- 
lation that suppress SF is high. Despite this expectation, we 
see enhanced SF as density increases around local LIRGs 
and ULIRGs on 2 Mpc scales. It is even appears that higher 
LiR LIRGs live in an environment near the transition be- 
tween group and cluster and ULIRGs are found in cluster 
environment. The result we have found is observationally 
supported with the presence o f LIRGs in environments such 
as the outskirts of c lusters lEaad l200^: IDuc et al ] I2OO4I : 
iLemonon et al.l 1 19981 : iKleinmann et alT 19881 ) that are not 
normal for the magnitude of SFR they exhibit. Note how- 
ever that with our adopted density scale of 2 Mpc we do not 
isolate for example cluster cores; this will be addressed in a 
future work. 

A simulation study by iMartig fc BournaudI (|2008l ') 
found that major mergers or interactions happening near 
the tidal fields of cosmological structures such as groups 
and clusters are more efficient in producing the highest lev- 
els of star formation. According to their work, two M33-like 
galaxies interacting in the tidal field of Local-group-like or 
Virgo-like cluster could have their star burst raised by a 
factor of two or more. Given the environment where LIRGs 
and ULIRGs are found in our study, star formation mecha- 
nisms such as tidal field-induced SF by cosmological struc- 
tures could explain their star formation mechanism. 



7 SUMMARY AND CONCLUSION 

We have studied the connection between the star forma- 
tion and the environments of local LIRGs in comparison to 
other types of local and high redshift galaxies in search of 
understanding regarding the nature of their SF-environment 
relation and also their possible origin and evolution. Both 
the LIRG and non-LIRG IR galaxies are drawn from IRAS 
catalogues. PSCz and 6dF samples are used to quantify the 
density fields around the target galaxies in a cylinder of 2h^^ 
Mpc radius and 10h~^ Mpc length. We have arrived at the 
following main conclusions: 

(i) The IR luminosity value Lm ~ 10^^ h^^ Lq is a spe- 
cial transition point between sharply different environments 
among IR galaxies. We show that there is a dramatic density 
rise above Ljr — 10^^ Lq (LIRGs) while the IR galaxies 
below this luminosity point have a local density equal to the 
mean galaxy density of the universe. 

(ii) We find that the Lir values of local LIRGs are cor- 
related with their density. Even if we could not cover the 
entire ULIRG luminosity range because of lack of data, we 
noticed that the relation between Lir and density goes in 
the same manner past the 10^^ Lq limit and extends to 
10^^'^ Lq. We also note that local non-LIRG IR galaxies, 
LIRGs and low Lir ULIRGs live in fields (or near the tran- 
sition between group and field environments), group, and 
cluster environments respectively. However, it is not clear 
where exactly within their respective environment (at the 



centre or outskirts) they are living. This will be addressed 
in another paper (Tekola et al., in prep.). 

(iii) We find that at constant stellar mass, which is de- 
rived from absolute K-band magnitude Mk, SFR, as derived 
from Lir, is correlated with background density for LIRGs. 
For non-LIRG IR galaxies this trend is not obvious. On the 
other hand, at constant Lir value, no trend is observed be- 
tween Mk and density. The rising trend of SFR of LIRGs 
with density is in contrast with galaxies in general, and does 
not depend on mass-bin selection. In addition, it is found 
that IR-galaxies seem to require a certain minimum stel- 
lar mass at a given SFR for their existence and this stellar 
mass limit is linearly correlated with Lir. Once the mini- 
mum stellar mass limit is met and they become LIRGs, any 
additional mass they have does not have any effect on their 
star formation rate. To form stars at a higher rate, their 
environment must be elevated. 

(iv) The local mass overdensity within 2 Mpc scale plays 
a crucial role in the SFR of local LIRGs. It thus appears 
that it is not only the immediate surroundings (one-to-one 
interactions and merging) of LIRGs that make them LIRGs. 

(v) Below Lir < 10^^ Lq, non-LIRG IR galaxies do 
not only live in less dense environments than LIRGs, but 
they experience a flat L/a-density trend in 2Mpc scale. Once 
the LIRG luminosity limit is passed in the lower direction, 
the 2Mpc scale potential well has no effect on the SFR of 
IR galaxies in that regime. 

(vi) The SFR of LIRGs is proportional to their environ- 
ment. This relationship between SF and environment of 
LIRGs is similar to what is suggested in some studies for 
blue cloud galaxies at z ~ 1. This similarity suggests that 
the formation mechanism of local LIRGs and z ^ 1 blue 
galax;ies might be similar. The two populations may have 
formed via similar processes but at different times. Alterna- 
tively, local LIRGs might be survivors of whatever process 
transformed z ~ 1 blue cloud galaxies into the present red 
sequence galaxies. 
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